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ABSTRACT
We studied the properties of the gas of the extended narrow line region (ENLR) of
two Seyfert 2 galaxies: IC 5063 and NGC7212. We analysed high resolution spectra
to investigate how the main properties of this region depend on the gas velocity. We
divided the emission lines in velocity bins and we calculated several line ratios. Diag-
nostic diagrams and SUMA composite models (photo-ionization + shocks), show that
in both galaxies there might be evidence of shocks significantly contributing in the gas
ionization at high |V |, even though photo-ionization from the active nucleus remains
the main ionization mechanism. In IC5063 the ionization parameter depends on V and
its trend might be explained assuming an hollow bi-conical shape for the ENLR, with
one of the edges aligned with the galaxy disk. On the other hand, NGC 7212 does not
show any kind of dependence. The models show that solar O/H relative abundances
reproduce the observed spectra in all the analysed regions. They also revealed an high
fragmentation of the gas clouds, suggesting that the complex kinematics observed in
these two objects might be caused by interaction between the ISM and high velocity
components, such as jets.
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1 INTRODUCTION
Active galactic nuclei (AGN) are among the most luminous
objects of the Universe and they have been intensively stud-
ied, in the last decades, because they are characterized by
many important astrophysical processes. Some nearby AGN,
typically Seyfert 2 galaxies (∼ 50 up to z ∼ 0.05, Netzer
2015), are characterized by conical or bi-conical structures
of highly ionized gas, whose apexes point the galaxy nu-
cleus, the ionization cones. The extension of optical emission
(which is usually traced with the the [O iii]λ5007 line) is of
the order of kiloparsecs and in the most extended ionization
cones it can be traced up to 15–20 kpc (Mulchaey et al. 1996;
Schmitt et al. 2003). The presence of these structures was al-
ready predicted by the Unified Model (Antonucci & Miller
1985; Antonucci 1993) which affirms that the core of the
AGN is surrounded by a dusty torus that absorbs part of
the radiation coming from the nucleus. However, the radi-
ation emitted along the torus axis can escape and ionize
⋆ E-mail: enrico.congiu@phd.unipd.it
the surrounding gas, forming the narrow-line region (NLR).
When the host galaxy contains enough gas and the NLR
is not absorbing completely the ionizing photons, it is also
possible to observed the ionization cones (Evans et al. 1993).
Due to its extension, this region of ionized gas is also called
extended narrow-line region (ENLR)1.
Both NLR and ENLR are characterized by spectra with
narrow permitted and forbidden emission lines, with a typ-
ical full width at half maximum (FWHM) between 300 and
800 km s−1. The presence of several forbidden lines indicates
that the electron density of the regions is low, typically
ne ∼ 10
2 – 104 cm−3. High resolution images of nearby galax-
ies with ionization cones (e.g. Schmitt et al. 2003) reveal
the presence of substructures, such as gaseous clouds and
filaments. Medium and high resolution spectra show line
profiles characterized by asymmetries, bumps and multiple
peaks (e.g. Dietrich & Wagner 1998; Ozaki 2009), indicating
very complex kinematics. These internal gas motion are ex-
1 We consider the ENLR as a natural extension of the NLR be-
yond 0.8–1 kpc
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pected to produce shock-waves, which can further influence
the properties of the NLR/ENLR (see e.g. Contini et al.
2012).
There are several possible causes of the complex kine-
matics of these structures. For example, the interaction be-
tween jets and the interstellar medium (ISM) of the galaxy,
as suggested by the fact that the cone axis and the radio-
jet axis, if present, are often aligned (Unger et al. 1987;
Wilson & Tsvetanov 1994; Nagar et al. 1999; Schmitt et al.
2003). Another possibility is that the gas of the ENLR is
the result of an episode of merging which brought new ma-
terial toward the center of the host galaxy (Veilleux et al.
1999; Ciroi et al. 2005; Di Mille 2007; Cracco et al. 2011).
The third possibility is the presence of fast outflows (400
– 600 km s−1) which involve different kinds of gas, from the
cold molecular one to the warm ionized one (Baldwin et al.
1987; Morganti et al. 2015; Dasyra et al. 2015). It is worth
noting that the radio-jet – ISM interaction could cause
these outflows (Tadhunter et al. 2014; Morganti et al. 2015;
Dasyra et al. 2015).
Trying to distinguish among these causes it is clearly not
an easy task. Data indicate that most AGN hold a NLR,
while, up to z ∼ 0.05, very few of them show an ENLR
(Netzer 2015). The morphology of Seyfert galaxies up to z ∼
1 is almost unperturbed, suggesting that the gravitational
interactions, when occur, must be minor merger events
(Cisternas et al. 2011). Besides, most of Seyfert galaxies are
classified as radio-quiet (Singh et al. 2015) with compact ra-
dio emission, even though recent studies found that kilopar-
sec scale emission might be more common than expected
(e.g. Gallimore et al. 2006; Singh et al. 2015). In spite of
that, the kinematics of both NLR and ENLR is often char-
acterized by radial motions (e.g. Morganti et al. 2007; Ozaki
2009; Cracco et al. 2011; Netzer 2015) , suggesting that the
ionized gas is not simply driven by the gravitational poten-
tial of the host galaxy.
Within this picture, we chose to carry out a pilot study
of the physical properties of the NLR/ENLR gas as a func-
tion of velocity by comparing the intensities and profiles of
emission lines analysed in medium and/or high resolution
spectra. We are well aware that this is a relatively unex-
plored field due to the need of observing nearby AGN with
large diameter telescopes in order to have simultaneously
good spectral and spatial resolution and high signal-to-noise
ratio (SNR). Nevertheless, our first tests showed us that with
a resolution R ∼ 10000 it is possible to highlight structures
in the line profiles, such as multiple peaks and asymmetries,
which are usually missed in low resolution spectra. More-
over, the lines seem to be intrinsically broad, therefore a
further increase of the resolution will probably not improve
the separation between the gaseous components.
In this work we improved the method developed by
Ozaki (2009) who obtained and analysed high resolution
spectra of the NLR of NGC 1068, and we applied it to
medium resolution echelle spectra of two nearby Seyfert 2
galaxies with ENLR: IC5063 and NGC7212. Both of them
show extended ionization cones and are observable from the
southern hemisphere. We used the strongest optical lines to
directly measure the physical properties of the gas such as
density, extinction, ionization degree. Then, we calculated
the gas physical conditions and element abundances through
detailed modelling of the line ratios. We adopted the code
SUMA (Contini et al. 2012) which accounts for the coupled
effect of photo-ionization and shocks (see Sec. 4.5).
In Sec. 2 we present the observations and the sample, in
Sec. 3 we describe the data reduction, in Sec. 4 we show how
we analysed the data and the results obtained and in Sec. 5
we summarize our work.
In this paper we adopt the following cosmological pa-
rameters: H0 = 70 km s
−1 Mpc−1, Ωm,0 = 0.3 and ΩΛ,0 = 0.7
(Komatsu et al. 2011).
2 SAMPLE AND OBSERVATIONS
In this work we studied two nearby Seyfert galaxies with
known ENLR: IC 5063 and NGC7212. They were observed
with the MagE (Magellan Echellette) spectrograph mounted
at the Nasmyth focus of the Clay telescope, one of the two
6.5m Magellan telescopes of the Las Campanas Observatory
(Chile). MagE is able to cover simultaneously the complete
visible spectrum (3100 – 10000 A˚) with a maximum resolu-
tion R = 8000 (Marshall et al. 2008).
Both galaxies were observed with multiple exposures of
1200 s each. Additional images were also acquired to per-
form data reduction (night-sky and calibration lamp spec-
tra). The spectrophotometric standard HR5501 was ob-
served each night to carry out the flux calibration. The de-
tails of our observations are reported in Table 1.
2.1 IC 5063
IC 5063 (Fig. 1) (z = 0.01135) is a lenticular galaxy classi-
fied as a Seyfert 2 (Morganti et al. 2007). Table 1 lists some
of the principal properties about the object as reported by
the NASA/IPAC Extragalactic Database (NED). It is one
of the most radio-loud Seyfert 2 galaxies known, its radio lu-
minosity is 2 orders of magnitude larger than that of typical
Seyfert galaxies (Morganti et al. 1998). IC 5063 is charac-
terized by a complex system of dust lanes aligned with the
major axis of the galaxy. It also shows a strong IR emis-
sion (Hough et al. 1987) and a very broad component of Hα
in polarized light (Inglis et al. 1993), likely a sign of an ob-
scured broad line region (BLR).
The ENLR was discovered by Colina et al. (1991), who
found a very extended region of ionized gas (∼ 22 kpc,
H0 = 50 km s
−1 Mpc−1) at position angle PA = 123°, with
a peculiar X shape and an opening angle of about 50°. They
supposed that the ENLR is the result of a quite recent merg-
ing between an elliptical galaxy and a small gas-rich spiral
galaxy. Morganti et al. (2007) traced [O iii]λλ4959, 5007 and
Hα emission lines up to a distance of about 15–16 arcsec (3.5–
3.8 kpc) from the nucleus in a direction very close to the two
resolved radio jets, PA = 117°. The authors found signs of
fast outflows, with velocities of about 600 km s−1 in all the
gas phases.
Similar velocities were found several years earlier by
Morganti et al. (1998) who discovered fast outflows in the
neutral gas of the galaxy studying the H i line at 21 cm.
These outflows were the first of their kind discovered
in a galaxy and they were deeply studied in the fol-
lowing years (Morganti et al. 2007; Tadhunter et al. 2014;
Morganti et al. 2015). These most recent papers explained
MNRAS 000, 1–21 (2017)
High resolution spectroscopy of the ENLR of AGN 3
Figure 1. Left: Image of the Seyfert galaxy IC 5063 taken with the F606W filter of the Wide Field and Planetary Camera 2 (WFPC2)
of the Hubble Space Telescope (HST). In purple are shown the position of the slit and the regions from which we extracted the one-
dimensional spectra. Centre: Image taken with the FR533N filter of the WFPC2. The images were recovered from the Hubble Legacy
Archive (HLA). Right: two-dimensional spectrum of the Hα region with contours. The figure also show the division of the spectrum in
regions.
Table 1. Principal properties of the observed galaxies, taken form NED, and characteristics of the observations.
Name RA Dec Exp. time (s) PA (deg) Redshift B (mag) A(V ) (mag) Morph.
IC 5063 20h 52m 02s −57d 04m 08s 2400 123 0.01135 12.89 0.165 S0
NGC7212 22h 07m 01s 10d 13m 52s 6000 16 0.02663 14.781 0.195 Sab
1Mun˜oz Mar´ın et al. (2007)
them as gas accelerated by fast shocks caused by the radio
jets plasma expanding in the ISM.
2.2 NGC7212
NGC7212 (Fig. 2) is a nearby spiral galaxy (z = 0.02663)
belonging to a system composed by three interacting ob-
jects. Some of its characteristic are reported in Table 1. It
was classified as Seyfert 2 by Wasilewski (1981). Later Tran
(1995), who studied some Seyfert 2 galaxies in polarized
light found an elongated NLR in NGC7212, with the axis
at PA = 170°, aligned with a structure of highly ionized
gas. Then, Falcke et al. (1998) discovered the presence of
a diffuse and extended NLR also in non-polarized light, in
a compatible direction with the previously found elongated
structure, but without the well defined shape typical of ion-
ization cones. They also discovered a radio-jet aligned with
this ENLR and they suggested that the two structures are
interacting.
The existence of the ionization cones was finally con-
firmed by Cracco et al. (2011) through integral field spec-
troscopic observations. This structure extends from the nu-
cleus to about 3 − 4 kpc in both directions and it is almost
aligned with the optical minor axis of the galaxy (PA = 150°).
Cracco et al. (2011) discovered clear asymmetries in the
emission lines of the ENLR, a sign of the presence of radial
motions of the gas. This property, together with a possible
sub-solar metallicity, induced these authors to suggest that
the ENLR in NGC 7212 formed through the interaction of
the active galaxy with the other members of the system.
In addition Cracco et al. (2011) found quite high [N ii]/Hα
and [S ii]/Hα ratios, especially in the region of interaction
between NGC 7212 and one of the other galaxies of the
triplet. This suggested that the ionization mechanism of the
gas is a combination of photo-ionization from a non-thermal
continuum and shocks (Contini et al. 2012).
3 DATA REDUCTION
We performed the data reduction using IRAF 2.152 (Im-
age Reduction and Analysis Facility). After subtracting the
bias from all the images, we extracted the spectrum of each
dispersion order using the strip option of the apall task
and we processed each extracted spectrum (from now on
also called apertures) following a standard long-slit reduc-
tion. We used a Th–Ar lamp for wavelength calibration and
the standard star HR5501 for flux calibration and telluric
correction.
The final goal of the data reduction was to obtain one-
dimensional (1D) spectra of different regions of the galaxies.
In our analysis it is essential to have straight and aligned
spectra, to extract the emission of the same region at all
wavelengths. Therefore, we first rectified the two dimen-
sional spectra using the tasks identify and reidentify to
trace the central peak of each spectrum along the spatial
direction, secondly we applied the correction to the images
with fitcoords and transform. Then we used xregister
to align all the apertures.
After that, we divided the 2D spectra of the galaxies
in regions, looking for the best trade-off between a good
SNR in all spectra and a good spatial sampling of the ex-
tended emission. We used, as a reference, the Hα emission
line (Fig. 1 and Fig. 2, right panels). Then, we summed up
the flux of each region to obtain a 1D spectrum for each
2 http://iraf.noao.edu
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Figure 2. Left: Image of the Seyfert galaxy NGC7212 taken with the F606W filter of the WFPC2 of the HST. In purple are shown the
position of the slit and the regions from which we extracted the one-dimensional spectra. Centre: Image taken with the FR533N filter
of the WFPC2. The images were recovered from the HLA. Right: two-dimensional spectrum of the Hα region with contours. The figure
also show the division of the spectrum in regions.
one of them. The names and the positions of the extracted
regions are shown in Table 2.
3.1 Subtraction of the stellar continuum
The galaxy continuum is a combination of several compo-
nents: the stellar continuum, the AGN continuum and the
nebular continuum, which is mainly due to hydrogen free-
free and free-bound emission. AGN emission is negligible in
Seyfert 2 galaxies because the AGN is obscured by the dusty
torus (e.g. Beckmann & Shrader 2012) and the nebular con-
tinuum is estimated to be at least one order of magnitude
fainter than the observed stellar emission (Osterbrock 1989).
Therefore, in our cases the main component of the galaxy
continuum is the stellar continuum. To obtain reliable line
flux measurements it is important to subtract this compo-
nent from the spectra, mainly because of the typical stellar
absorption features (e.g. hydrogen Balmer lines) which can
fall at the same wavelength of emission lines, modifying their
observed flux.
One of the best method to subtract this component is to
use STARLIGHT (Cid Fernandes et al. 2005; Mateus et al.
2006; Cid Fernandes et al. 2007). STARLIGHT is a software
developed to fit the stellar component of galaxy spectra us-
ing a linear combination of simple stellar populations spec-
tra, taking into account both extinction and velocity disper-
sion.
To work properly, STARLIGHT needs spectra with
fixed characteristics: they have to be corrected for Galac-
tic extinction, they must be shifted to rest frame and they
must also have a 1 A˚ px−1 dispersion. We corrected for Galac-
tic extinction with A(V) = 0.165 and A(V) = 0.195 (Table 1)
for IC 5063 and NGC7212 respectively. We then shifted the
spectra to rest-frame wavelengths. It is not easy to do ac-
curate redshift measurements on these objects because the
emission lines are broad and they sometimes show mul-
tiple peaks. For this reason we averaged the values ob-
tained from some of the deepest stellar absorptions: the
Mg i triplet (λ5167, λ5177, λ5184 A˚) and the Na i doublet
(λ5889, λ5895 A˚). In the most external regions of the galax-
ies, where the SNR of the continuum was too low to de-
tect those lines, we used the strongest peak of some emis-
sion lines such as Hβ or [O iii]λ5007. The obtained reces-
sional velocities are shown in Table 2. To estimate the er-
rors on the velocity measurements, we calculated the accu-
racy of the wavelength calibration comparing the position of
the sky lines with respect to the expected position. We ob-
tained σ = 0.2 A˚, which correspond to σV = 10 km s
−1. How-
ever, STARLIGHT can independently measure small veloc-
ity shifts from the rest frame spectra (< 500 km s−1) when it
fits the galaxy continuum with the template spectra. This
allows to fine tune the velocity correction, especially where
emission lines are used. The fine-tuning is very important
because we needed to remove every single velocity compo-
nent due to galaxy rotation to study the kinematics of the
gas.
Once applied the listed corrections, we ran
STARLIGHT using 150 spectra of stellar populations
with 25 different ages (from 106 to 1.8 × 108 yr) and 6
different metallicities (from Z = 10−4 to Z = 5 × 10−2)
to obtain the spectrum of the stellar component and the
velocity correction. In the regions where the SNR was too
low to obtain a good fit of the continuum, we used the
results of the software to correct the velocity measurements
but we subtracted the stellar continuum fitting it with a
simple function, using IRAF splot task.
3.2 Deblending
Because of their intrinsic width, some prominent spectral
lines are partially overlapped (e.g. Hα and [N ii]λλ6548, 6584;
[S ii]λλ6716, 6731). These lines are essential to study the
gas properties: Hα is used in the diagnostic diagrams
(Baldwin et al. 1981; Veilleux & Osterbrock 1987) and to
measure the extinction coefficient, the ratio between the
[S ii]λλ6716, 6731 doublet is used to estimate the electron
density. Therefore, to measure their fluxes, especially on the
line wings, we had to deblend them. To perform the de-
blending we adapted to our case the method developed by
Schirmer et al. (2013). They assumed that if Hα and Hβ are
produced by the very same gas, they must have the same
profile, except for extinction effects. Therefore, they multi-
plied Hβ for a constant factor in order to match the Hα peak
intensity, they subtracted the multiplied Hβ from the Hα+
MNRAS 000, 1–21 (2017)
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Table 2. Projected distances in arcseconds and kiloparsec of the regions from the nucleus of the galaxy, recessional velocities measured
from the spectra and velocity corrections from STARLIGHT.
Region IC 5063 NGC 7212
arcsec pc V (km s−1) ∆V (km s−1) arcsec pc V (km s−1) ∆V (km s−1)
N2 4.50 1044 3328 −38.51 4.50 2408 8062 −44.02
N1 3.00 696 3337 −14.58 3.00 1605 8016 4.11
N0 1.80 417 3357 −28.78 1.80 963 8074 −55.91
CN 0.60 139 3364 −19.01 0.60 321 7963 −38.77
CS 0.60 139 3380 −15.52 0.60 321 7916 −59.07
S0 1.65 382 3417 −28.51 1.80 963 7799 54.31
S1 2.55 591 3438 −40.09 3.00 1605 7703 137.68
S2 3.90 904 3448 −23.02 - - - -
[N ii] group, obtaining only the [N ii] doublet emission. To
recover the final Hα line they subtracted the doublet from
the original spectrum, after removing the residuals of the
previous subtraction, due to intrinsic noise and to the as-
sumption of constant extinction in the whole line.
To deblend Hα from [N ii] we wrote a python 2.7 script,
modifying this process in the following way. We first shifted
Hβ to the wavelength of Hα and we fitted it with 2 or 3
Gaussians, trying to reproduce the line profile and selecting
the result showing the minimum residual. Then, we fitted
Hα with the same number of functions, keeping the same
FWHM and the same relative positions but varying their
intensities. In this way, we considered that the extinction
could change in each kinematic component. To get a better
result we also fitted the [N ii] doublet using 2 Gaussians for
each line. Then, we subtracted the Hα fit from the spectrum,
obtaining the [N ii] doublet and we removed the residuals
(Fig. 3). Finally, we subtracted again the [N ii] doublet from
the original spectrum, obtaining the final Hα line. We used
the same process to remove [S iii]λ6310 from [O i]λ6300 in
the regions where the [S iii] line was strong enough to be
detected.
To deblend the [S ii] doublet and the [O ii]λλ3726, 3729
doublet we further modified the method. We started de-
blending the [S ii] doublet, because their separation in wave-
length is ∼ 14 A˚ and they usually are partially resolved. To fit
these lines we assumed that they have the same profile, ex-
cept for the intensity, because they are emitted by the same
gas but their ratio is influenced by the electron density. We
reproduced each line with 2 or 3 Gaussian functions, depend-
ing on the quality of the spectrum. To reduce the number
of free parameters, we fitted the [S ii]λ6716 line letting them
free to vary and we fixed the position and the width of the
Gaussians for the [S ii]λ6731 line with respect to the corre-
sponding quantities for the [S ii]λ6716 line, according to the
theoretical properties of the doublet (∆λ = 14.3 and same
FWHM). Fig. 4 (top) shows the result of the deblending of
these lines for the CS region of IC 5063.
The [O ii] lines are much closer to each other (∼ 2.5 A˚)
and it is not possible to deblend them without using any
reference line. We adopted the [S ii] doublet because, con-
sidering only the ions showing strong emission lines in our
spectra, it has the closest ionization potential to that of the
O ii (Table 3). Therefore, we can suppose that their emission
comes from spatially close regions and we can assume for
them a similar profile. The two doublets also depend on the
electron density in a similar way (see Osterbrock & Ferland
2006). Therefore, we measured the ratio between the central
intensity of each component in the two lines of the [S ii] fit
and we used those ratios to put constraints on the Gaussians
used to fit the [O ii] doublet. After that, we proceeded as be-
fore, fitting one line and constraining the parameters of the
second one. However, since the [O ii] lines are almost totally
overlapped, in several spectra it was not possible to use the
same number of Gaussians used to fit the [S ii] doublet. In
these cases we applied the process using only 2 Gaussians
and refitting the [S ii] lines. Fig. 4 (bottom) shows the final
result after the deblending of the [O ii] doublet in the CS
region of IC 5063.
4 DATA ANALYSIS AND RESULTS
We divided all the line profiles in velocity bins (Fig. 5) and
we measured the fluxes inside them, as done by Ozaki (2009).
While this author took into account the morphology of
the profile of the brightest emission line ([O iii]λ5007) for
each region, we preferred to adopt a less arbitrary method
and to use a fixed width of 100 km s−1 which is about
three times the theoretical instrumental velocity resolution
(R ∼ 37.5 km s−1). We performed the measurement using an
IRAF script. To take into account the different line widths
in different regions, we assumed the velocity bins of Hβ as
reference for the other emission lines. This choice was based
on the need of calculating flux ratios, deriving physical pa-
rameters and plotting diagnostic diagrams. To this aim it is
essential to have good measurements of Hβ flux in each bin.
Being Hβ one of the weakest lines we are interested in, we
are obviously losing high velocity bins detectable only in the
strongest lines. We also measured the total flux of each line,
to compare the results obtained dividing the lines in velocity
bins to the average properties of the gas.
Fig. 5 (bottom) shows the behaviour of the relative error
on the flux as a function of velocity in two lines (Hβ and
[O iii]λ5007) of the CS region of IC 5063. To estimate the
error we used the following equation:
∆I
I
=
rms
I0
(1)
where I is the bin flux and ∆I its error, rms is the root mean
square of the continuum measured near the line and I0 is the
central peak of the bin. The error increases, as expected, in
the line wings both in a weak line (Hβ) and in a strong line
([O iii]λ5007). In Hβ we have a maximum error of ∼ 25 per
cent of the flux in the line wings, while in [O iii]λ5007 the
error is much lower (∼ 4 per cent). A similar behaviour is
expected for all the measured lines.
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Figure 3. The deblending process of Hα + [N ii] in the CS region
of IC 5063. The top panel shows Hβ shifted to Hα wavelength and
fitted with 3 Gaussians (the thin curves). The middle panel shows
the best fit of Hα+ [N ii]. The thin solid curves are the Gaussians
fitting Hα and the dotted ones are the function fitting the [N ii]
doublet. In the bottom panel there is the result of the subtraction
of the Hα fit from the spectrum.
We first estimated the local extinction by using the
Balmer decrement and assuming a theoretical Hα/Hβ ra-
tio of 2.86. To recover the visual extinction A(V), we ap-
plied the CCM (Cardelli–Clayton–Mathis) extinction law
(Cardelli et al. 1989). We measured A(V) both for each ve-
locity bin and for the total line flux and we corrected the
measured fluxes of all the lines.
Then, we studied the mechanisms responsible for heat-
ing and ionizing the gas in the different regions of both galax-
Figure 4. The final results of the deblending process for the
[S ii] doublet (top) and [O ii] doublet (bottom) of the CS re-
gion of IC 5063. For each doublet is shown the original spectrum,
with the fitting functions, and the two lines after the deblend-
ing. The continuous lines represent the functions with the free
parameters ([S ii]λ6716 (top), [O ii]λ3729 (bottom)), the dashed
lines represent the functions fitted with the constraints ([S ii]λ6731
(top),[O ii]λ3726 (bottom)). The original spectrum is shown in
blue, the fitted spectrum is shown in red, the green Gaussians
are the main components of each line, the yellow ones are their
secondary components.
Table 3. Measured emission lines and energy existence interval
of ions.
Ion Wavelength (A˚) ∆E (eV)
[O ii] 3727 13.6 – 35.1
[O iii] 4363 35.1 – 54.9
[Ar iv] 4711 40.9 – 59.8
[Ar iv] 4740 40.9 – 59.8
H 4861 -
[O iii] 4959 35.1 – 54.9
[O iii] 5007 35.1 – 54.9
[O i] 6300 – 13.6
H 6563 -
[N ii] 6584 14.5 – 29.6
[S ii] 6717 10.4 – 23.3
[S ii] 6731 10.4 – 23.3
[O ii] 7319 13.6 – 35.1
[O ii] 7330 13.6 – 35.1
MNRAS 000, 1–21 (2017)
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Figure 5. Top: Plot of Hβ taken from the spectrum of the CS
region of IC 5063. In the lower part of the figure the adopted
velocity bins are shown. Bottom: Profile of the relative error in
Hβ and [O iii]λ5007 in the same region.
ies directly from diagnostic diagrams (Baldwin et al. 1981;
Veilleux & Osterbrock 1987). Penston et al. (1990) empiri-
cal relation was adopted to determine the ionization param-
eter, while the physical parameters such as the tempera-
ture and the density of the emitting gas were obtained from
the characteristic line ratios. Finally, to have a more com-
plete picture of the physical parameters and abundances
of the elements throughout the regions, we carried out a
detailed modelling of the spectra accounting for both the
photo-ionization from the active centre and for shocks.
4.1 Diagnostic Diagrams
With the extinction corrected fluxes we proceeded plotting
the diagnostic diagrams. We used four different diagrams:
three are the traditional BPT diagrams from Baldwin et al.
(1981) and Veilleux & Osterbrock (1987) which compare the
[O iii]λ5007/Hβ ratio to [O i]λ6300/Hα, [N ii]λ6584/Hα and
[S ii]λλ6716, 6731/Hα. The fourth one is a less used dia-
gram developed by Baldwin et al. (1981) which involves the
[O ii]λλ3726, 3729/[O iii]λ5007 ratio to evaluate the ioniza-
tion degree of the gas and a ∆E parameter which com-
bines the previous ratios to discern between different ion-
ization mechanisms (Eq. 2, 3, 4, 5, where x = ([O ii]λ3726 +
[O ii]λ3729)/[O iii]λ5007):
∆E1 = log
(
[O iii]λ5007
Hβ
)
+ log (0.32 + x) − 0.44; (2)
∆E2 =
1
2
[
log
(
[N ii]λ6584
Hα
)
− log
( x
x + 1.93
)
+ 0.37
]
; (3)
∆E3 =
1
5
[
log
(
[O i]λ6300
Hα
)
+ 2.23
]
; (4)
∆E =
1
3
[∆E1 + ∆E2 + ∆E3] . (5)
In the first three diagrams, we used the functions de-
fined by Kewley et al. (2006) to discern between H ii regions
and power-law ionized regions and to divide the latter in
Seyfert-like emission regions and LINER-like emission re-
gions. We used the ∆E vs. [O ii]λλ3726, 3729/[O iii]λ5007 di-
agrams to investigate the influence of shock-waves in ionizing
the NLR/ENLR gas. Fig. 6 shows an example of diagnostic
diagrams for IC 5063 and NGC7212. The diagrams of the
other regions are shown in AppendixB. Fig. 7 also shows
the same diagrams calculated using the total flux of the lines
for each region. From these plots it is possible to see that all
the points lie in the AGN region. Moreover, the majority of
the points in the log([O iii]λ5007/Hβ) vs log([O i]λ6300/Hα)
and in the log([O iii]λ5007/Hβ) vs log([S ii]λλ6716, 6731/Hα)
diagrams are located to the left of the diagram, usually oc-
cupied by Seyfert galaxies (Kewley et al. 2006). In the ∆E
vs log([O ii]λλ3726, 3729/[O iii]λ5007) the points are located
in the side of the diagram occupied by clouds ionized by
a power-law continuum. This means that the main ioniza-
tion mechanism in the NLR/ENLR of both galaxies is the
photo-ionization by the active nucleus. However, it must
be noticed that in most diagrams the points are not ran-
domly distributed but they follow a well defined trend. The
points corresponding to high values of |V | tend to have a
lower [O iii]λ5007/Hβ ratio but a higher ratio between low
ionization lines and Hα. For this reason some points are lo-
cated close to the LINER region (e.g. Fig. 6). This behaviour
might be explained as a consequence of shocks, which affect
the spectrum lowering the ionization degree of the gas (low
[O iii]λ5007/Hβ ratio) and increasing the amount of ions in
a low ionization state (high [O i]λ6300/Hα, [N ii]λ6584/Hα
and [S ii]λλ6716, 6731/Hα). This is in agreement with the
∆E vs. [O ii]λλ3726, 3729/[O iii]λ5007 where the points cor-
responding to those bins are close to the shocks side of the
plot. Moreover, gas moving at relatively low speed does not
show any sign of shocks. Most of the line fluxes is contained
within these bins, therefore, when the diagnostic ratios are
calculated using the whole flux of the lines almost no sign
of shock-ionized gas is observed. In fact, analysing the di-
agnostic diagrams in Fig. 7, it is possible to see that both
in IC 5063 and NGC7212 all the points are clustered in the
Seyfert region of the plots, without any peculiar behaviour.
This does not mean that there is no contribution by shocks
at low V, but that it is negligible with respect to photo-
ionization.
4.2 Ionization parameter and extinction
The ionization parameter, defined as the number of ionizing
photons reaching a cloud per number of electrons in the gas,
can be used to estimate the ionization degree of the gas. For
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Figure 6. Diagnostic diagrams of the N0 region of IC 5063 (top) and of the S0 region of NGC7212 (bottom). In each plot we show,
from the top left panel clockwise: (1) log([O iii]Hβ) vs log([N ii]/Hα), (2) log([O iii]/Hβ) vs log([O i]/Hα), (3) ∆E vs log([O ii]/[O iii]), (4)
log([O iii]/Hβ) vs log([S ii]/Hα) (Baldwin et al. 1981; Veilleux & Osterbrock 1987). The colorbar shows the velocity of each bin. The black
curves in (1), (2), (4) divide power-law ionized regions (top) and HII regions (bottom). The red lines divide Seyfert-like regions (left)
and LINER-like regions (right) (Kewley et al. 2006). The black lines in (3) divide HII regions (bottom), power-law ionized region (left)
and shock ionized regions (right) (Baldwin et al. 1981).
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Figure 7. Diagnostic diagrams of IC 5063 (top) and NGC7212 (bottom) calculated with the total flux of the lines. In each plot we show,
from the top left panel clockwise: (1) log([O iii]Hβ) vs log([N ii]/Hα), (2) log([O iii]/Hβ) vs log([O i]/Hα), (3) ∆E vs log([O ii]/[O iii]), (4)
log([O iii]/Hβ) vs log([S ii]/Hα) (Baldwin et al. 1981; Veilleux & Osterbrock 1987). The colorbar shows the distance from the nucleus of
each region. The black curves in (1), (2), (4) divide power-law ionized regions (top) and HII regions (bottom). The red lines divide Seyfert-
like regions (left) and LINER-like regions (right) (Kewley et al. 2006). The black lines in (3) divide HII regions (bottom), power-law
ionized region (left) and shock ionized regions (right) (Baldwin et al. 1981).
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Figure 8. Left: From the top left panel, clockwise: ionization parameter, log([O iii]λ5007/Hβ), electron density (cm−3) and extinction
coefficient (mag) as a function of velocity for the northern regions of IC 5063. Right: same quantities for the southern regions of IC 5063.
Figure 9. Left: From the top left panel, clockwise: ionization parameter, log([O iii]λ5007/Hβ), electron density (cm−3) and extinction
coefficient (mag) as a function of velocity for the northern regions of NGC7212. Right: same quantities for the southern regions of
NGC7212.
Figure 10. From the top left panel, clockwise: ionization parameter, log([O iii]λ5007/Hβ), electron density (cm−3) and extinction coefficient
(mag) as a function of the distance from the galactic nucleus for IC 5063 (left) and NGC7212 (right).
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an isotropic source it is defined as :
U =
Q
4πr2cne
, (6)
where Q is the total number of ionizing photons emitted by
the source, r is the distance of the cloud from the ionizing
source, c is the speed of light and ne is the electron density.
To estimate this parameter we used the empirical relation
from Penston et al. (1990):
log U = −2.74 − log
(
[O ii]λλ3726, 3729
[O iii]λ5007
)
. (7)
The main problem of this relation is that the
[O ii]λλ3726, 3729/[O iii]λ5007 ratio strongly depends
on the extinction correction. To check the reliability of the
obtained values we compared the log U vs velocity (V) and
log U vs distance from the nucleus (R) plots with similar
plots involving the [O iii]λ5007/Hβ ratio. Even if this ratio
is not a real ionization parameter, it is sensitive to the
ionization degree of the gas and it has the advantage to
be independent from the extinction correction, because the
two lines are close in wavelength. When the two diagrams
are compatible, the extinction correction applied to the
fluxes is reliable.
Fig. 8 and Fig. 9 show the plots of log U,
log([O iii]λ5007/Hβ), A(V) and ne as a function of ve-
locity. Similar plots obtained with the total flux of the lines
are shown in Fig. 10.
The behaviours of log U and log([O iii]/Hβ) are often
similar. This confirms the overall reliability of the extinc-
tion correction, even though the errorbars on A(V) increase
rapidly with |V |. Almost all the differences between the two
plots can be explained as an effect of errors in measuring
A(V) at high |V | due to a low SNR in Hβ wings. An exam-
ple is the region N2 of IC 5063 (Fig. 8 left, blue solid line):
the behaviour of log U reflects perfectly that of the extinc-
tion.
In IC 5063, A(V) usually shows a peak at low velocities,
then it decreases and the errorbars are compatible with a flat
trend. The A(V) vs distance (R) plot is similar, we found a
maximum extinction of 2.4 mag in the CN region and then
A(V) progressively decreases at increasing R. In NGC7212
we observed the same behaviour of the A(V) vs R plot, but
the extinction is generally 1 mag lower. The high A(V) values
of IC 5063 are expected because the galaxy shows a large
dust lane which crosses the whole galaxy that is aligned with
the ENLR. The A(V) vs. V plots show that the extinction is
almost constant at all velocities. However, the errorbars are
compatible with a constant behaviour also in those velocity
bins.
In principle, U (eq. 7) is not expected to be depen-
dent on velocity because there is not a direct link between
these two quantities. However, if the clouds are accelerated
by radiation pressure and ionized by a continuum which is
attenuated by an absorbing medium with varying column
density, log U is expected to depend on the gas velocity
(Ozaki 2009). This kind of behaviour is observed in some
regions of our galaxies. In Fig. 8 it is possible to see that
in the CN, N0 and N1 regions of IC 5063, the ionization
parameter decreases of about one order of magnitude be-
tween V = −600 km s−1 and V = 500 km s−1. On the basis
of the results from Kraemer & Crenshaw (2000) and Ozaki
(2009), this might mean that the blueshifted gas is irradi-
ated directly by the AGN, while the redshifted gas is ionized
by an attenuated continuum. In the S0, S1 and S2 regions
log U increases in the opposite direction, from V = −400 to
V = 200 km s−1. The velocity range is quite narrow because
at higher |V | the effect of the extinction correction dominates
with respect to the real behaviour of the ionization param-
eter. However, the fact that in these regions, the ionization
increases with V is clearly confirmed by the log([O iii]/Hβ)
vs V plot.
Ozaki (2009) linked the ionization parameter depen-
dence on velocity to the geometry of the ionization cones. If
the ionization cones have a hollow bi-conical shape and one
of their edges is aligned to the galaxy disk, such as in NGC
1068 (Cecil et al. 2002; Das et al. 2006), this edge should be
irradiated by a continuum attenuated by the dust present in
the disk while the rest of the cone should be excited by the
non-absorbed continuum. Therefore, if the line of sight in-
tercepts the ionization cone at the proper angle, it is possible
to see the velocity dependence of the ionization parameter.
This explanation seems to be in contrast with what said
in the previous section. However, it is possible for the two
phenomena to coexist. The attenuation of the continuum
contributes in decreasing the ionization degree of the gas,
also seen in the diagnostic diagrams, while the presence of
shocks causes the points in the ∆E diagram to get close, and
often to cross, the shock-power law threshold (Fig. B1).
The geometrical shape of the ionization cones of IC 5063
is not known but, combining our results with Ozaki’s con-
clusions, the behaviour of the ionization parameter is likely
the result of a hollow bi-conical shape. This shape could be
explained as the effect of the radio-jet expanding in a clumpy
medium and forming a cocoon around it, which drives away
the gas from the jet axis (Morganti et al. 2015; Dasyra et al.
2015) .
In NGC7212, U can be considered independent from
the velocity in every region. All the small deviations from
a constant value are related to variations of the extinc-
tion. This might mean that the three-dimensional shape
of the ionization cones is different from that of IC 5063,
or that our line of sight intercepts the object at a differ-
ent angle. The only region with a peculiar behaviour is N2
(Fig. 9). In this region log U and log([O iii]/Hβ) are quite dif-
ferent. U slightly decreases from V = −300 to V = 400 km s−1
while log([O iii]/Hβ) has a parabolic shape. A possible reason
might be the low SNR of Hβ wings which causes an overesti-
mation of its flux at high velocities and an underestimation
of the log([O iii]/Hβ) ratio.
Our results are well in agreement with Cracco et al.
(2011), who found log([O iii]/Hβ) ∼ 1 in the whole ENLR.
The observed scatter of the ionization parameter is compat-
ible with an almost constant trend.
4.3 Temperature and densities
We were able to obtain, in most regions, the average
temperature and density of the gas in two different ion-
ization regimes. In particular, we used [O iii]λλ4959, 5007,
[O iii]λ4363 and [Ar iv]λλ4711, 4740 for the gas with medium
ionization degree, and [O ii]λλ3726, 3729, [O ii]λ7320 and
[S ii]λλ6716, 6731 for the gas in low ionization degree.
Unfortunately, some of the lines necessary to esti-
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mate temperatures and densities were so faint that they
could not be divided in velocity bins (e.g. [O iii]λ4363,
[Ar iv]λλ4711, 4740). Therefore, we were forced to use the
total flux of these lines and calculate the averaged tempera-
ture and density. Only with the [S ii]λλ6716, 6731 lines it was
possible to estimate the density as a function of velocity.
We proceeded using iteratively the temden IRAF task,
until we obtained stable values for both temperature and
density. Once reached the final results we used the average
temperature of the low ionization gas to attempt to calculate
ne from the [S ii] lines in the velocity bins. All the obtained
results are shown in Fig. 8, 9 and 10.
Table 4 and Table 5 report the values obtained with the
total flux of the lines. Due to the errors on the line ratios,
what we really are interested in is the order of magnitude of
these quantities. For this reason we rounded off the measured
quantities to the nearest hundreds K for the temperature
and to the nearest multiple of 50 for the density. The ob-
served temperature is of the order of 10000 K, a typical tem-
perature in photo-ionized regions (Osterbrock & Ferland
2006). In IC 5063 both temperature and density of the
medium ionization gas are slightly higher than those of the
low ionization gas, while for NGC 7212 the situation is less
clear. NGC7212 spectra had a lower SNR than IC 5063 ones,
especially in the external regions, therefore it was not pos-
sible to measure the weak lines needed for the calculations.
In this galaxy it is worth noticing that the temperature of
the low ionization gas measured in the central region of the
galaxy is close to 15000 K. Following Roche et al. (2016),
high temperatures of the low ionization gas might be a hint
of jet-ISM interaction.
To calculate the density in the regions where we
could not directly measure the temperature, we used
the typical value T = 10000 K for photo-ionized gas
(Osterbrock & Ferland 2006). The density measurement de-
pends weakly on the temperature (Osterbrock & Ferland
2006) and this value is close enough to the mean T[O ii] mea-
sured from from Table 4 and 5 (∼ 11800 K) that the difference
is negligible for our purposes.
After that, we used the temperatures obtained with
the [O ii] lines (Table 4 and Table 5) to measure the elec-
tron density with the [S ii] lines as a function of velocity.
The results are shown in Fig. 8 and Fig 9. Typical values are
log ne([S ii]) = 2.0–3.0, but in some cases we measured larger
and smaller values, especially at high |V | where the SNR is
low and the effects of the deblending can affect the results.
In some regions the situation is not clear (e.g. N1 and N2 re-
gions in IC 5063, Fig. 8) and these properties will be further
investigated with SUMA simulations.
4.4 Line profiles
The analysis of the line profiles, on the basis of the emit-
ting gas conditions estimated in previous sections, can
provide detailed information on the kinematics and the
distribution of the clouds. For each region we compared
the profile of some of the brightest lines normalized to
their peak emission, to study how they change. Fig.A1–A8
and in Fig. A9–A15 show, from left to right, the compar-
ison between: [O iii]λ5007 and Hβ; [O i]λ6300, [O ii]λ3726
and [O iii]λ5007; [O ii]λ3726, [O ii]λ3729 and [O iii]λ5007;
[S ii]λ6716, [S ii]λ6731 and [O iii]λ5007, for IC 5063 and
Table 4. Temperature and electron density of the medium and
low ionization gas of IC 5063. The temperature are rounded off
to the nearest hundred K, the electron density to the nearest
multiple of 50. We used the [O ii] doublet when it was not possible
to measure ne with the [S ii] doublet.
Region T[O iii] (K) n[Ar iv] (cm
−3) T[O ii] (K) n[S ii] (cm
−3)
N2 - - 9100 2000
N1 12400 8500 7800 4500
N0 13600 1400 15500 250
CN 13700 12750 11100 a 250 b
CS 15200 3400 10700 400
S0 13800 6200 11700 500
S1 13300 3150 10900 500
S2 15300 4250 12400 250
a measured with n[O ii]
b measured from the [O ii] doublet
Table 5. Temperature and electron density of the medium and
low ionization gas of NGC 7212. The temperature are rounded
off to the nearest hundred K, the electron density to the nearest
multiple of 50. We measured ne of the low ionization gas assuming
T = 10000 K in the regions where it was not possible to measure
the temperature.
Region T[O iii] (K) n[Ar iv] (cm
−3) T[O ii] (K) n[S ii] (cm
−3)
N2 - - - 200 a
N1 - - - 150 a
N0 - - 10800 750
CN 14800 5600 13000 2000
CS 15200 3100 14500 1200
S0 14000 2450 14200 500
S1 - - - 350 a
a measured with T[O ii] = 10000 K
NGC7212 respectively. The A(V) profile measured in each
region is reported under the corresponding panel, to evalu-
ate if possible differences between the line profiles could be
caused by extinction. We also used these plots to check the
results of the deblending process, comparing the lines of the
deblended doublets to the [O iii]λ5007 to highlight potential
differences.
The line profile can significantly change from region to
region. In the external regions they are quite narrow and
relatively smooth, but they often show a prominent blue
or red wing (Fig. A1, A8). NGC7212 shows broader and
more disturbed profiles than IC 5063 in the external regions:
the FWHM of the N2 region of NGC7212 and IC 5063 are
300 km s−1 and 170 km s−1 respectively.
The spectra were all shifted to rest frame using stellar
kinematics, but, outside the nucleus, the main peak of each
line is often shifted toward longer or shorter wavelengths of
∼ 100 km s−1, probably caused by bulk motions of gas.
In general, the complexity of the line profiles might be
related to the interaction of jets with ISM, as better ex-
plained at the end of Sec. 4.5.4, considering the result of the
composite modelling.
4.4.1 IC 5063
IC 5063 shows an emission outside the nucleus (regions S0
and S1, Fig. 1, bottom panel) characterized by two well re-
solved peaks at ∆V ∼ 200 km s−1 which can be observed in
all the emission lines (Fig.A6 and A7). A further analy-
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sis of the emission lines of the southern regions (CS, S0,
S1, S2) shows a connection between their profiles. In the
CS region, which represents the southern part of the nu-
cleus (Fig. A5), the emission lines are quite narrow and
smooth, but there is a small asymmetry at V ∼ 180 km s−1.
In the next region (S0, Fig. A6) there is a secondary peak at
V ∼ 140 km s−1, weaker than the main peak. In the S1 region
(Fig. A7) the red peak becomes the strongest one and the
blue peak starts to weaken and it becomes a blue wing in
the S2 region (Fig.A8). This evolution indicates the pres-
ence of two distinct kinematic components. The blue one
could be associated with an outflow which is the dominant
component of the nuclear emission and then it starts to be-
come weaker at higher distances from the nucleus. These
two peaks correspond to the two narrow components found
by Morganti et al. (2007) nearby the South-east hotspot. In
each region the line profiles are very similar for all the consid-
ered lines except in S1. Here, all the lines show a secondary
peak which is 10 to 20 per cent stronger with respect to
the same feature visible in [O iii]λ5007 (Fig.A7), with the
exception of [O i]λ6300 which is very similar to the [O iii]
line.
On the other side of the galaxy the line profiles do not
show any secondary peak, but in the CN and N0 regions
we observe a very broad component (FWHM∼ 900 km s−1)
which can be identified with the well known gas outflow of
the galaxy West hotspot (e.g. Morganti et al. 2007, 2015;
Dasyra et al. 2015).
In the CN region each line has a different shape
(Fig. A4). All the lines show clearly a narrow component
and the broad asymmetric component of the outflow. The
relative peak intensity of the two changes as a function of the
line. The [O iii]λ5007 is characterized by the weakest broad
component, while the [S ii]λ6716 has the strongest one. Fi-
nally the N0 region (Fig. A3) shows very similar profiles of
Hβ and [O iii]λ5007, but broader profiles of the low ioniza-
tion oxygen and sulphur lines.
4.4.2 NGC7212
NGC7212 is characterized by a more complex gas kinemat-
ics. The emission lines are more asymmetric and disturbed.
In the northern regions there is a good agreement between
the shape of all the studied lines, except for the N0 region
(Fig. A11) where the [O i]λ6300 is significantly narrower than
the other oxygen lines. All the lines show a blue component
which becomes weaker towards the external region of the
galaxy. The southern regions deserve a more detailed analy-
sis. The lines have a complex profile characterized by multi-
ple kinematic components. The CS region (Fig. A13) has a
double peak, separated by ∆V ∼ 150 km s−1, which is visible
in all lines except in the [O ii] doublet where it becomes an
asymmetry. It is not clear whether this asymmetry is real
or an effect of the deblending process which is not able to
recover the secondary peak starting from the blended lines.
Such a feature could be caused by a strong extinction of
the weaker peak, but this is not confirmed by the A(V) pro-
file. In the S0 region (Fig.A14) the lines show very different
profiles. Hβ has a double peaked shape (∆V ∼ 120) not visi-
ble in [O iii]λ5007 which shows only a wing. The secondary
peak is observed in the [S ii] doublet but not in the oxy-
gen lines. They have the blue bump, but its relative inten-
sity changes: the [O ii]λ3726 has the strongest bump (∼ 80%
of the peak intensity), followed by the [O i]λ6300 (∼ 60%)
and by the [O iii]λ5007 (∼ 40%). Finally, in the S1 region
(Fig.A15) Hβ and all the other low ionization lines (except
[O ii]λ3729) show an asymmetric profile with a blue-shifted
peak (V ∼ −150 km s−1) and two bumps in the red part of
the lines. On the other hand, [O iii]λ5007 shows a peak at
V ∼ −50 km s−1 and a relatively strong bump (> 80 per cent
of the peak intensity) in the velocity where the other lines
have the peak.
4.5 Detailed modelling of the observed spectra
Modelling the spectra by pure photo-ionization models gives
satisfying results for intermediate ionization level lines. How-
ever, collisional phenomena can be critical in the calculation
of the spectra emitted by high velocity gas. The physical
properties of the galaxies, such as the complex structure of
the emission lines, the presence of merging and possible in-
teraction between jets and ISM among others, suggested us
to use a code which takes into account the effects of both
photo-ionization and shocks.
The SUMA code (Contini 2015, and references therein)
simulates the physical conditions in an emitting gaseous
cloud under the coupled effect of photo-ionization from the
radiation source and shocks. The line and continuum emis-
sion from the gas are calculated consistently with dust-
reprocessed radiation in a plane-parallel geometry. The main
physical properties of the emitting gas and the element
abundances are accounted for.
4.5.1 Input parameters
The parameters which characterise the shock are roughly
suggested by the data, e.g. the shock velocity Vs by the ve-
locity bin and the pre-shock density n0 by the characteristic
line ratios and by the pre-shock magnetic field B0. We adopt
B0 = 10
−4 G, which is suitable to the NLR of AGN (Beck
2012). Changes in B0 are compensated by opposite changes
in n0.
The ionizing radiation from a source, external to the
emitting cloud, is characterized by its spectrum and by the
flux intensity. The flux is calculated at 440 energy bands
ranging between a few eV to keV. If the photo-ionization
source is an active nucleus, the input parameter that refers
to the radiation field is the power-law flux from the active
center F in number of photons cm−2s−1eV−1 at the Lyman
limit with spectral indices αUV = −1.5 and αX = −0.7.
It was found by modelling the spectra of many different
AGN that these indices were the most suitable, in general
(see, e.g. Contini & Aldrovandi 1983; Aldrovandi & Contini
1984; Rodr´ıguez-Ardila et al. 2005, and references therein).
For UV line ratios of a sample of galaxies at z > 1.7,
Villar-Martin et al. (1997) found that αUV = −1 provided
a very good fit. The power-law in the X-ray domain was
found flatter by the observations of local galaxies (αX = −1,
e.g. Crenshaw et al. 2002; Turner et al. 2001). Nevertheless,
for all the models presented in the following, we will adopt
αUV = −1.5 and αX = −0.7, recalling that the shocked zone
also contributes to the emission-line intensities. Therefore
our results are less dependent on the shape of the ionizing
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Figure 11. The physical quantities in the IC 5063 regions. From top to bottom: n0 is in cm
−3, D is in 1018 cm, F is in
1010 photons cm−2s−1eV−1 at the Lyman limit, Hβ is in erg cm−2 s−1. Left : north; right: south. Red solid line: CN (CS), green dashed:
N0 (S0), black dash-dotted: N1 (S1), blue dotted line: N2 (S2).
radiation. F is combined with the ionization parameter U
by:
U =
(
F
nc(αUV − 1)
) (
E
−αUV +1
H
− E
−αUV +1
C
)
, (8)
where EH is H ionization potential and EC is the high energy
cutoff, n the density, αUV the spectral index, and c the speed
of light.
In addition to the radiation from the primary source,
the diffuse secondary radiation created by the hot gas is also
calculated, using 240 energy bands for the spectrum. The
primary radiation source is independent but it affects the
surrounding gas. In contrast, the secondary diffuse radiation
is emitted from the slabs of gas heated by the radiation flux
reaching the gas and, in particular, by the shock. Primary
and secondary radiations are calculated by radiation transfer
downstream.
In our model the gas region surrounding the radiation
source is not considered as a unique cloud, but as an en-
semble of filaments. The geometrical thickness of these fila-
ments is an input parameter of the code (D) which is calcu-
lated consistently with the physical conditions and element
abundances of the emitting gas. D determines whether the
model is radiation-bounded or matter-bounded. The abun-
dances of He, C, N, O, Ne, Mg, Si, S, Ar, Fe, relative
to H, are accounted for as input parameters. Previous re-
sults lead to O/H close to solar for most AGNs and for
most of the H ii regions (e.g. Contini 2017). We will con-
ventionally define “solar” relative abundances (O/H)⊙ =
6.6 − 6.7 × 10−4 and (N/H)⊙ = 9. × 10
−5 (Allen 1976;
Grevesse & Sauval 1998) that were found suitable to lo-
cal galaxy nebulae. Moreover, these values are included be-
tween those of Anders & Grevesse (1989) (8.5 × 10−4 and
1.12×10−4, respectively) and Asplund et al. (2009) (4.9×10−4
and 6.76 × 10−5, respectively ).
The fractional abundances of all the ions in all ioniza-
tion levels are calculated in each slab resolving the ionization
equations. The dust-to-gas ratio (d/g) is an input parame-
ter. Mutual heating and cooling between dust and gas affect
the temperatures of gas in the emitting region of the cloud.
Fig. 11 and Fig. 12 show the input parameter as a function
of V used to model the observed spectra.
4.5.2 Calculation process
The code accounts for the direction of the cloud motion
relative to the external photo-ionizing source. A parameter
switches between inflow (the radiation flux from the source
reaches the shock front edge of the cloud) and outflow (the
flux reaches the edge opposite to the shock front). The calcu-
lations start at the shock front where the gas is compressed
and thermalized adiabatically, reaching the maximum tem-
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Figure 12. The physical quantities in the NGC7212 regions. Left: north; right: south. Red solid line: CN (CS), green dashed: N0 (S0),
black dash-dotted: N1 (S1), blue dotted line: N2.
perature in the immediate post-shock region (eq. 9).
T ∼ 1.5 × 105
(
Vs
100 km s−1
)2
. (9)
T decreases downstream by the cooling rate and the gas re-
combines. The downstream region is cut into a maximum
of 300 plane-parallel slabs with different geometrical widths
calculated automatically, in order to account for the tem-
perature gradient. In each slab, compression (n/n0) is cal-
culated by combining the Rankine–Hugoniot equations for
conservation of mass, momentum and energy throughout the
shock front (Cox 1972). Compression ranges between 4 (the
adiabatic jump) and > 100, depending on Vs and B0. The
stronger the magnetic field, the lower the compression down-
stream, while a higher shock velocity corresponds to a higher
compression.
In pure photo-ionization models, the density n is con-
stant throughout the nebula. In models accounting for the
shocks, both the electron temperature Te and density ne
show a characteristic profile throughout each cloud (see for
instance Fig. 13 left and right panels). After the shock, the
temperature reaches its upper limit at a certain distance
from the shock-front and remains nearly constant, while ne
decreases following recombination. The cooling rate is calcu-
lated in each slab by free-free (bremsstrahlung), free-bound
and line emission. Therefore, the most significant lines must
be calculated in each slab even if only a few ones are ob-
served because they contribute to the temperature slope
downstream.
The primary and secondary radiation spectra change
throughout the downstream slabs, each of them contribut-
ing to the optical depth. In each slab of gas the fractional
abundance of the ions of each chemical element is obtained
by solving the ionization equations which account for photo-
ionization (by the primary and diffuse secondary radiations
and collisional ionization) and for recombination (radia-
tive, dielectronic), as well as for charge transfer effects, etc.
The ionization equations are coupled to the energy equa-
tion when collision processes dominate (Cox 1972) and to
the thermal balance if radiative processes dominate. The
latter balances the heating of the gas due to the primary
and diffuse radiations reaching the slab with the cooling
due to line emission, dust collisional ionization and ther-
mal bremsstrahlung. The line intensity contributions from
all the slabs are integrated throughout the cloud. In par-
ticular, the absolute line fluxes referring to the ionization
level i of element K are calculated by the term nK (i) which
represents the density of the ion X(i). We consider that
nK (i)=X(i)[K/H]nH , where X(i) is the fractional abundance
of the ion i calculated by the ionization equations, [K/H]
is the relative abundance of the element K to H and nH
is the density of H (by number cm−3). In models includ-
ing shock, nH is calculated by the compression equation
in each slab downstream. So the element abundances rel-
ative to H appear as input parameters. To obtain the N/H
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relative abundance for each galaxy, we consider the charge
exchange reaction N++H ⇋ N+H+. Charge exchange reac-
tions occur between ions with similar ionization potential
(I(H+) = 13.54 eV, I(N+) = 14.49 eV and I(O+) = 13.56 eV).
It was found that N ionization equilibrium in the ISM is
strongly affected by charge exchange. This process as well as
O++H⇋ O+H+ are included in the SUMA code. The N+/N
ion fractional abundance follows the behaviour of O+/O so,
comparing the [N ii]/Hβ and the [O ii]/Hβ line ratios with
the data, the N/H relative abundances can be easily deter-
mined (see Contini et al. 2012).
Dust grains are coupled to the gas across the shock front
by the magnetic field. They are heated radiatively by photo-
ionization and collisionally by the gas up to the evapora-
tion temperature (Tdust ≥ 1500 K). The distribution of the
grain radii in each of the downstream slabs is determined by
sputtering, which depends on the shock velocity and on the
gas density. Throughout shock fronts and downstream, the
grains might be completely destroyed by sputtering.
The calculations proceed until the gas cools down to a
temperature below 103 K (the model is radiation bounded)
or the calculations are interrupted when all the lines repro-
duce the observed line ratios (the model is matter bounded).
In case that photo-ionization and shocks act on opposite
edges, i.e. when the cloud propagates outwards from the ra-
diation source, the calculations require some iterations, until
the results converge. In this case the cloud geometrical thick-
ness plays an important role. Actually, if the cloud is very
thin, the cool gas region may disappear leading to low or
negligible low ionization level lines.
Summarizing, the calculations start in the first slab
downstream adopting the input parameters given by the
model. Then, it calculates the density, the fractional abun-
dances of the ions from each level for each element, free-
free, free-bound and line emission fluxes. It calculates Te by
thermal balancing or the enthalpy equation, and the opti-
cal depth of the slab in order to obtain the primary and
secondary fluxes by radiation transfer for the next slab. Fi-
nally, the parameters calculated in slab i are adopted as
initial conditions for slab i+1. Integrating the line intensi-
ties from each slab, the absolute fluxes of the lines and of
bremsstrahlung are obtained at the nebula. The line ratios
to a certain line (generally Hβ for the optical-UV spectrum)
are then calculated and compared with the observed data,
in order to avoid problems of distances, absorption, etc. The
number of the lines calculated by the code (over 300) does
not depend on the number of the observed lines nor does it
depend on the number of input parameters, but rather on
the elements composing the gas.
4.5.3 Grids of models
The physical parameters are combined throughout the cal-
culation of forbidden and permitted lines emitted from a
shocked nebula. The ranges of the physical conditions in the
gas are deduced, as a first guess, from the observed line ra-
tios because they are more constraining than the continuum
SED. Grids of models are calculated for each spectrum, mod-
ifying the input parameters gradually, in order to reproduce
as close as possible all the observed line ratios. At each stage
of the modelling process, if a satisfactory fit is not found for
all the lines, a new iteration is initiated with a different set
of input parameters. When one of the line ratios is not repro-
duced, we check how it depends on the physical parameters
and decide accordingly how to change them, considering that
each ratio has a different weight. The input parameters are
therefore refined by the detailed modelling of the spectra.
The spectra of NGC7212 and IC 5063 are rich in number
of lines, therefore the calculated spectra are strongly con-
strained by the observed lines. They are different in each
of the observed spectra, revealing different physical condi-
tions from region to region. The models selected by the fit of
the line spectrum are cross-checked by fitting the continuum
SED. In the UV range the bremsstrahlung from the nebula is
blended with black body emission from the star population
background. The maximum frequency of the bremsstrahlung
peak in the UV – X-ray domain depends on the shock veloc-
ity. In the IR range dust reprocessed radiation is generally
seen. In the radio range synchrotron radiation by the Fermi
mechanism at the shock front is easily recognized by the
slope of the SED.
We generally consider that the observed spectrum is sat-
isfactorily fitted by a model when the strongest lines are re-
produced by the calculation within 20 per cent and the weak
ones within 50 per cent. The final gap between observed and
calculated line ratios is due to observational errors both ran-
dom and systematic, as well as to the uncertainties of the
atomic parameters adopted by the code, such as recombina-
tion coefficients, collision strengths etc., which are contin-
uously updated, and to the choice of the model itself. The
set of the input parameters which leads to the best fit of
the observed line ratios and continuum SED determines the
physical and chemical properties of the emitting gas. They
are considered as the ”results” of modelling (Table 6).
4.5.4 Choice of NGC7212 and IC 5063 parameters
We start modelling by trying to reproduce the observed
[O iii]λλ5007, 4959/Hβ line ratio (λλ5007, 4959, hereafter
5007+; the + indicates that the doublet 5007, 4959 is
summed up), which is in general the highest ratio, by read-
justing F and Vs (Vs, however, is constrained through a
small range by the observed V). The higher F, the higher
the [O iii]/Hβ and the [O iii]/[O ii] line ratios, as well as
He ii/Hβ. Moreover, a high F maintains the gas ionized
far from the source, yielding enhanced [O i] and [S ii] lines.
These lines behave similarly because the first ionization po-
tential of S (10.36 eV) is lower than that of O (13.61 eV).
Then, we consider the [O ii]λλ3726, 3729 doublet (hereafter
3726+). If the flux from the active centre is low (F ≤
109 ph cm−2s−1eV−1), a shock-dominated regime is found,
which is characterised by relatively high [O ii]/[O iii] (≥ 1).
[O ii] can be drastically reduced by collisional de-excitation
at high electron densities (ne > 3000 cm
−3).
The gas density is a crucial parameter. In each cloud, it
reaches its upper limit downstream and remains nearly con-
stant, while the electron density decreases following recom-
bination. A high density, increasing the cooling rate, speeds
up the recombination process of the gas, enhancing the low-
ionization lines. Indeed, each line is produced in a region
of gas at a different ne and Te, depending on the ioniza-
tion level and the atomic parameters characteristic of the
ion. The density n, which can be roughly inferred from the
[S ii]6716/6731 doublet ratio, is related with n0 by compres-
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Table 6. Simulation for V < 0 of the S0 region of IC 5063. For each bin there are the observed quantities and the results of the models.
The first nine rows show the comparison between the observed and the synthetic spectra, the remaining rows show the input parameters
of each model.
bin 1 bin 2 bin 3 bin 4
line obs. mod. obs. mod. obs. mod. obs. mod.
[O ii]λ3727+ 2.43 2.68 3.06 2.8 3.58 3.5 5.43 5.47
[Ne iii]λ3869+ 1.27 1.4 1.35 1.6 2.2 1.6 0.12 1.0
[He ii]λ4686 0.15 0.37 0.12 0.3 0.02 0.28 0.0 0.2
[O iii]λ5007+ 12.97 13.0 12.0 12.0 11.4 11.1 8.98 8.88
[O i]λ6300,[S iii]λ6310 0.32 0.46 0.3 0.3 0.41 0.46 0.53 0.4
Hα 2.86 2.9 2.86 2.9 2.86 2.9 2.86 2.96
[N ii]λ6584 1.9 1.9 2.07 2.2 2.18 2. 3.22 3.86
[S ii]λ6716 0.9 0.53 1.09 0.54 0.92 0.5 0.98 0.82
[S ii]λ6731 0.8 1.1 0.9 1.1 1.0 1.0 0.72 1.3
V (km s−1) −100 − −200 − −300 − −400 −
Vs (km s
−1) − 100 − 170 − 300 − 400
n0(cm
−3) − 850 − 600 − 370 − 130
D(1018 cm) − 0.007 − 0.01 − 0.008 − 0.08
F (units1) − 9.2 − 7. − 6. − 2.2
O/H (10−4) − 5. − 6.6 − 6.6 − 6.1
N/H (10−4) − 0.5 − 0.6 − 0.5 − 0.8
Ne/H(10−4) − 0.7 − 1. − 1. − 0.7
S/H (10−4) − 0.2 − 0.2 − 0.18 − 0.12
Hβ (erg) − 0.14 − 0.168 − 0.12 − 0.054
1 in 1010 phot cm−2s−1eV−1 at the Lyman limit (αUV = −1.5, αX = −0.7);
sion downstream (n/n0), which ranges between 4 and ∼ 100,
depending on Vs and B0. The [S ii] lines are also charac-
terised by a relatively low critical density for collisional de-
excitation. In some cases the [S ii]6716/6731 line ratio varies
from > 1 to < 1 throughout a relatively small region, since
the [S ii] line ratios depend on both the temperature and
electron density of the emitting gas (Osterbrock & Ferland
2006), which in models accounting for the shock are far from
constant throughout the clouds. Thus, even sophisticated
calculations which reproduce approximately the high inho-
mogeneous conditions of the gas lead to some discrepancies
between the calculated and observed line ratios. Unfortu-
nately, there are no data for S lines from higher ioniza-
tion levels which could indicate whether the choice of the
model is misleading or different relative abundances should
be adopted. We recall that sulphur can be easily depleted
from the gaseous phase and trapped into dust grains and
molecules.
Finally, the results of the modelling are shown in Table
C1-C32 of the on-line material. We show here Table 6, as an
example of a typical table. We can conclude that compos-
ite models are able to reproduce the observed spectra ac-
curately, in particular they well reproduce the high [O i]/Hβ
line ratios. For instance, the spectrum in Table C9 of the on-
line material, corresponding to the emitting cloud in the CS
region of IC5063 (bin 4), shows Vs of ∼ 400 km s
−1. The cloud
moves outwards from the active centre, therefore the photo-
ionizing radiation reaches the edge opposite to the shock
front. The profiles of Te, ne and of the O
++/O, O+/O and
O0/O fractional abundances throughout the cloud are shown
in Fig. 13. Reducing the shock velocity to Vs = 50 km s
−1 and
even lower we can simulate the case of pure photo-ionization.
With these models we can still obtain a good fit of [O iii]/Hβ
and [O ii]/Hβ by increasing the pre shock density and the
photo-ionization flux. However, [O i]/Hβ will be lower than
observed by a factor of ∼ 10, indicating that the shock ve-
locity constrains the spectra, particularly at high Vs.
Another interesting result of the modelling is the high
fragmentation of matter which is revealed by the large range
of geometrical thickness (D) used to model the spectra. This
might be explained by the interaction between jets and ISM.
The interaction causes shocks and it creates turbulence at
the shock-front producing fragmentation of matter. These
clouds move in a turbulent regime which can cause the com-
plex line profile described in Sec. 4.4.
4.6 The spectral energy distribution of the
continuum
To cross-check the results obtained by the detailed modelling
of the line spectra, we have gathered from the NED the data
corresponding to the continuum spectral energy distribution
(SED) of IC 5063 and NGC7212. Fig. 14 shows the SED ob-
tained from these data. Error bars are not shown for sake
of clarity at frequencies < 1017 Hz. We have selected some
models which, on average, best reproduce the line ratios at
different Vs (100, 300 and 600 km s
−1) and we have compared
them with the data in Fig. 14. At ν > 1017 Hz the data are
fitted by the power-law flux from the AGN. The flux is re-
processed by gas and dust within the clouds and it is emitted
as free-free and free-bound (and line) at lower frequencies.
The reprocessed radiation by dust grains appears in the IR.
In the specific case of IC 5063 the model corresponding to
low Vs and low F reproduces the data lower limit in the
UV-optical range. Most of the data are nested inside the
black body radiation flux corresponding to a temperature of
T = 5000 K, which represents the background contribution of
relatively old stars as, e.g. red giants and Mira. The near IR
side of the IR bump is fitted by the black body re-radiation
flux corresponding to T = 200 K. It represents emission from
a large amount of warm dust produced in the stellar wind of
red giant stars. Dust is heated collisionally and radiatively
in the clouds. The grains are destroyed by sputtering at high
Vs (> 200 km s
−1) throughout the shock front. Dust is heated
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Figure 13. The emitting cloud is divided into two halves represented by the left and right diagrams. The left diagram shows the region
close to the shock front (left edge) and the distance from the shock front on the X-axis scale is logarithmic. The right diagram shows
the conditions downstream far from the shock front, close to the (right) edge reached by the photo-ionization flux which is opposite
to the shock front. The distance from the illuminated edge is given by a reverse logarithmic X-axis scale. Top panels: the electron
temperature and the electron density throughout the emitting cloud. Bottom panels: red lines: O++/O (dot-dashed), O+/O (dashed) and
O0/O (dotted); black solid lines: H+/H.
to a maximum T = 66 K in the Vs = 300 km s
−1 cloud and to
a maximum of 90 K in the Vs = 600 km s
−1 cloud, so the re-
processed radiation peaks at lower ν. In the radio ranges,
the data at ν ≥ 1010 Hz are fitted by the bremsstrahlung
and reradiation by dust, while the data at lower ν follow a
power-law flux with spectral index = 0.75. It represents the
synchrotron radiation flux created by the Fermi mechanism
at the shock front.
Interestingly, the same models are used to reproduce
the continuum SED of both galaxies. In the far radio range
of NGC7212 self absorption of the flux is evident. Unfortu-
nately the data for IC 5063 are lacking.
5 CONCLUDING REMARKS
We studied the NLR/ENLR gas of two nearby Seyfert 2
galaxies: IC 5063 and NGC7212. We analysed high resolu-
tion spectra to highlight the different kinematic components
of the emission lines and to study the properties of the gas as
a function of velocity. We produced diagnostic diagrams, we
studied the ionization parameter and the physical conditions
of the gas resulting from the line ratios and we compared the
observations to detailed models of the spectra, obtaining the
following results:
(i) The diagnostic diagrams show that the main ioniza-
tion mechanism of the gas is photo-ionization from the
power-law continuum produced by the AGN. However, high
velocity gas seems to lie closer to the LINER/shock region of
the diagrams than low velocity gas. This could suggest that
there might be some contribution of shocks in the ionization
of high velocity gas.
(ii) In the CN, N0 and N1 regions of IC 5063 the ioniza-
tion parameter decreases of about one order of magnitude
between V = −600 km s−1 and V = 500 kms, which means that
the blueshifted gas is irradiated directly by the AGN, while
the redshifted gas is ionized by an attenuated continuum. In
the S0, S1 and S2 regions U increases in the opposite direc-
tion, from V = −400 to V = 200 km s−1. The velocity range is
quite narrow because at higher |V | the effects of the extinc-
tion correction dominates with respect to the real behaviour
of the ionization parameter. The ionization increase with V
is clearly confirmed by the log([O iii]/Hβ) vs V plot. This
behaviour of the ionization parameter might be explained
assuming a hollow bi-conical shape of the ENLR with one
of the edges aligned with the galaxy disk.
(iii) NGC7212 shows an ionization parameter which does
not depend on velocity. Therefore, it is not possible to say
anything about the real geometrical shape of the ENLR.
(iv) The electron temperature and density are obtained
from measured line ratios where possible (Table 4 and 5).
A value of the density was also calculated for each bin by
the detailed modelling of the spectra, which accounts also
for the shocks (Table 6 and on-line material). The two re-
sults are typically in agreement and they are consistent with
properties of photo-ionized gas.
(v) The SUMA composite models results show that the
O/H relative abundances are close to solar (Allen 1976).
(vi) Analizing the SED we noticed that, although the
multiwavelength dataset is not complete, the power-law flux
in the radio range created by the Fermi mechanism at the
shock-front, the bremsstrahlung emitted by the gas down-
stream and the black-body fluxes corresponding to dust re-
processed radiation and to the old star population. There-
fore, the Fermi mechanism and the bremsstrahlung radiation
confirm the presence of shocks in both galaxies.
(vii) The analysis of the line profiles shows that the kine-
matics of both galaxies is quite complex. The profiles change
significantly from region to region. In the nucleus of the
galaxies they are often relatively broad and characterized
by multiple peaks and bumps. In the external regions they
become narrower but they usually shows a red or blue
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Figure 14. The continuum SED of IC 5063 (top) and NGC7212
(bottom). Black circles: observed data described in the NED.
Black solid line in the X-ray domain represents the flux from the
AGN. Black lines at lower frequencies represent bremsstrahlung
and dust emission from clouds at Vs = 100 km s
−1, n0 = 200 cm
−3,
F = 6 · 109 photons cm−2s−1eV−1 at the Lyman limit, D = 1017 cm
(solid), at Vs = 300 km s
−1, n0 = 300 cm
−3, F = 1010 units (dash-
dotted) , D = 3 · 1017 cm and at Vs = 600 km s
−1, n0 = 200 cm
−3,
F = 2 · 1010 units (dashed), D = 2 · 1016 cm. For all models O/H
= 6.6 · 10−4, N/H = 5 · 10−5 and Ne/H = 10−4. The power-law black
solid line in the radio represents synchrotron radiation. Solid red
line corresponds to a black body for T = 5000 K, red dashed for
T = 200 K.
wing. NGC7212 lines are broader and more disturbed than
IC 5063 lines, but they are characterized by less prominent
wings. Those are all signs of gas in turbulent regime.
(viii) The high fragmentation of the clouds derived by
SUMA is an index of interaction between jets and ISM and
it might also explain the complex gas kinematics.
(ix) The high temperatures that seem to characterize the
low ionization gas of NGC7212 might be explained by the
jet-ISM interaction (Roche et al. 2016).
(x) The main peak of the lines outside the nucleus is
shifted towards longer or shorter wavelengths, depending on
the observed region. It is a sign of consistent bulk motions
of gas with respect to the galaxy stellar component.
(xi) The profile of the lines within each region does not
change, with some exception due to variations in the ioniza-
tion degree of the gas or difficulties in recovering the original
shape of the lines during the deblending process.
Finally, we confirmed that this kind of analysis of the
line profiles can be a powerful tool to investigate the prop-
erties of gas in such complex conditions. It can show gas
properties that a standard analysis would miss, for example
the peculiar behaviour of the ionization profile in IC 5063
and the shift of the points corresponding to high |V | in the
diagnostic diagrams, which can be associated to the presence
of shocks. In particular, the latter cannot be easily observed,
when the diagnostic diagrams are produced with the whole
line flux, because the contribution of the high |V | gas is neg-
ligible with respect to the whole line flux.
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APPENDIX A: LINES PROFILES
A1 IC 5063
A2 NGC 7212
APPENDIX B: DIAGNOSTIC DIAGRAMS
This paper has been typeset from a TEX/LATEX file prepared by
the author.
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Figure A1. Comparison of the emission lines of the N2 region of IC 5063. The behaviour of the extinction coefficient as a function of
velocity is shown under each plot.
Figure A2. Comparison of the emission lines of the N1 region of IC 5063. The behaviour of the extinction coefficient as a function of
velocity is shown under each plot.
Figure A3. Comparison of the emission lines of the N0 region of IC 5063. The behaviour of the extinction coefficient as a function of
velocity is shown under each plot.
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Figure A4. Comparison of the emission lines of the CN region of IC 5063. The behaviour of the extinction coefficient as a function of
velocity is shown under each plot.
Figure A5. Comparison of the emission lines of the CS region of IC 5063. The behaviour of the extinction coefficient as a function of
velocity is shown under each plot.
Figure A6. Comparison of the emission lines of the S0 region of IC 5063. The behaviour of the extinction coefficient as a function of
velocity is shown under each plot.
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Figure A7. Comparison of the emission lines of the S1 region of IC 5063. The behaviour of the extinction coefficient as a function of
velocity is shown under each plot.
Figure A8. Comparison of the emission lines of the S2 region of IC 5063. The behaviour of the extinction coefficient as a function of
velocity is shown under each plot.
Figure A9. Comparison of the emission lines of the N2 region of NGC7212. The behaviour of the extinction coefficient as a function of
velocity is shown under each plot.
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Figure A10. Comparison of the emission lines of the N1 region of NGC7212. The behaviour of the extinction coefficient as a function
of velocity is shown under each plot.
Figure A11. Comparison of the emission lines of the N0 region of NGC7212. The behaviour of the extinction coefficient as a function
of velocity is shown under each plot.
Figure A12. Comparison of the emission lines of the CN region of NGC7212. The behaviour of the extinction coefficient as a function
of velocity is shown under each plot.
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Figure A13. Comparison of the emission lines of the CS region of NGC7212. The behaviour of the extinction coefficient as a function
of velocity is shown under each plot.
Figure A14. Comparison of the emission lines of the S0 region of NGC7212. The behaviour of the extinction coefficient as a function
of velocity is shown under each plot.
Figure A15. Comparison of the emission lines of the S1 region of NGC7212. The behaviour of the extinction coefficient as a function
of velocity is shown under each plot.
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Figure B1. Diagnostic diagrams of the (a) N2, (b) N1, (c) N0, (d) CN, (e) CS and (f) S0 regions of IC 5063. In each plot we show,
from the top left panel clockwise: (1) log([O iii]Hβ) vs log([N ii]/Hα), (2) log([O iii]/Hβ) vs log([O i]/Hα), (3) ∆E vs log([O ii]/[O iii]), (4)
log([O iii]/Hβ) vs log([S ii]/Hα) (Baldwin et al. 1981; Veilleux & Osterbrock 1987). The colorbar shows the velocity of each bin. The black
curves in (1), (2), (4) divide power-law ionized regions (top) and HII regions (bottom). The red lines divide Seyfert-like regions (left)
and LINER-like regions (right) (Kewley et al. 2006). The black lines in (3) divide HII regions (bottom), power-law ionized region (left)
and shock ionized regions (right) (Baldwin et al. 1981).
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Figure B2. Diagnostic diagrams of the (a) S1 and (b) S2 regions of IC 5063 and (c) N2, (d) N1, (e) N0 and (f) CN regions of NGC7212.
In each plot we show, from the top left panel clockwise: (1) log([O iii]Hβ) vs log([N ii]/Hα), (2) log([O iii]/Hβ) vs log([O i]/Hα), (3) ∆E vs
log([O ii]/[O iii]), (4) log([O iii]/Hβ) vs log([S ii]/Hα) (Baldwin et al. 1981; Veilleux & Osterbrock 1987). The colorbar shows the velocity of
each bin. The black curves in (1), (2), (4) divide power-law ionized regions (top) and HII regions (bottom). The red lines divide Seyfert-
like regions (left) and LINER-like regions (right) (Kewley et al. 2006). The black lines in (3) divide HII regions (bottom), power-law
ionized region (left) and shock ionized regions (right) (Baldwin et al. 1981).
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Figure B3. Diagnostic diagrams of the (a) CS, (b) S0 and (c) S1 regions of NGC7212. In each plot we show, from the top left
panel clockwise: (1) log([O iii]Hβ) vs log([N ii]/Hα), (2) log([O iii]/Hβ) vs log([O i]/Hα), (3) ∆E vs log([O ii]/[O iii]), (4) log([O iii]/Hβ) vs
log([S ii]/Hα) (Baldwin et al. 1981; Veilleux & Osterbrock 1987). The colorbar shows the velocity of each bin. The black curves in (1),
(2), (4) divide power-law ionized regions (top) and HII regions (bottom). The red lines divide Seyfert-like regions (left) and LINER-like
regions (right) (Kewley et al. 2006). The black lines in (3) divide HII regions (bottom), power-law ionized region (left) and shock ionized
regions (right) (Baldwin et al. 1981).
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